Background: Recent studies have shown an association between migraine and restless legs syndrome (RLS). However, migraine prevalence peaks from the 20s to 40s whereas RLS prevalence peaks after the 50s. Despite this, reports on how migraine and RLS may be associated by age is limited. Therefore, the purpose of this study is to investigate the comorbidity between migraine and RLS according to age. Methods: We selected a stratified random population sample of Koreans aged 19 to 69 years and evaluated them with a 60-item semi-structured interview designed to identify RLS, headache type, and clinical characteristics of migraine. To assess the association between migraine and RLS according to age, we divided participants into 5 age groups (19-29, 30-39, 40-49, 50-59, and 60-69 years) and analysed each group. Results: Subjects with migraine showed an increased RLS prevalence in the 19-29 (Odds ratio [OR] = 6.6, 95 % confidence interval [CI] = 1.2-36.8) and 40-49 (OR = 6.7, 95 % CI = 1.5-33.5) age groups compared to non-headache controls but failed to showed a significant association in the 50-59 (OR = 1.1, 95 % CI = 0.2-5.6) and 60-69 (OR = 0.4, 95 % CI = 0.1-4.0) age groups. Migraineurs with 1-10 (12.5 %, OR = 2.0, 95 % CI = 1.3-3.2, p = 0.003) and >10 (12.5 %, OR = 2.5, 95 % CI = 1.0-5.6, p = 0.038) attacks per month showed an increased RLS prevalence compared to migraineurs with <1 attack per month (2.1 %). Subjects with non-migraine headaches showed an increased odds for RLS (OR = 1.8, 95 % CI = 1.3-2.7) compared to non-headache controls. There was no significant difference (9.1 % vs. 6.9 %, p = 0.339) in the RLS prevalence between migraineurs and non-migraine headache subjects. Conclusions: Our results suggest that migraine and RLS are differently associated according to age.
approximate female-to-male ratio is 2:1 [14, 15] . The International Restless Legs Study Group (IRLSSG) has defined diagnostic criteria for RLS according to its typical clinical presentation [14] . Unlike migraine, RLS prevalence increases with age and peaks after the 50s [15] [16] [17] [18] [19] [20] [21] [22] .
Epidemiological and clinical studies have shown an association between migraine and RLS [23] [24] [25] [26] [27] [28] . However, the difference in the age-dependent prevalence of the 2 disorders suggests that the association may differ by age. However, the association of migraine and RLS in different age groups has yet not been determined. We therefore sought to investigate the association between migraine and RLS according to age groups using Korean HeadacheSleep Study data, a nationwide population-based study regarding headache and sleep disorders. A secondary outcome was to evaluate RLS prevalence according to the frequency of migraine headaches in order to corroborate the association of 2 disorders.
Methods

Study population
The Korean Headache-Sleep Study was a nationwide, cross-sectional survey of headache and sleep in the Korean population in adults aged 19-69 years. The study design and methods were previously described in detail [29, 30] . Briefly, we adopted a 2-stage systematic random sampling method in all Korean territories except Jeju-do proportional to population distribution and sampled 2,695 individuals. Subjects were stratified according to age, gender, and occupation. To minimized interest bias, we informed candidates that the survey topic was "social health issue" rather than headache. Trained interviewers conducted structured interviews, using a questionnaire to diagnose headache and sleep disorders including RLS by door-to-door visit and face-to-face interview. The interview included questions on the symptoms of headache and RLS. All interviewers were employed by Gallup Korea and had previous social survey interviewing experience. The interviewers were not medical personnel. The study was undertaken from November 2011 to January 2012, and was approved by the institutional review board/ethics committee of Hallym University Sacred Heart Hospital and was performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. Written informed consent was obtained from all participants.
Migraine assessment
We diagnosed migraine using a questionnaire (Additional file 1). The questionnaire established a headache profile, which was designed to comply with the second edition of the International Classification of Headache Disorders (ICHD-2). We investigated severity of headache based on effect of daily activity (mild, moderate and severe) and using visual analogue scale. Migraine was diagnosed based on the ICHD-2 criteria for migraine without aura (code 1.1) [31] . We did not attempt to separately diagnose migraine with aura and migraine without aura. As such, both were included in the present study. The questions used to diagnose migraine were previously found to have 75.0 % sensitivity and 88.2 % specificity, by comparing the diagnoses from the survey with doctors' diagnoses obtained from an additional telephone interview. The validation process was described in one of author's (MKC) previous article in detail [3] .
Non-migraine headache assessment
If a participant responded positively to the question, 'In the past year, have you had at least 1 headache lasting more than 1 min?' and was not diagnosed as having migraine, she or he was diagnosed as having non-migraine headaches.
RLS assessment
A diagnosis of RLS was assigned if a participant responded positively to all 4 questions based on the IRLSSG criteria published in 2003: (1) 'Do you have unpleasant sensations such as crawling or pain in your legs combined with an urge or need to move your legs?' (2) 'Do these feelings/ symptoms occur mainly or only at rest?' (3) 'Does movement improve these unpleasant sensations?' (4) ' Are these symptoms worse in the evening or at night than in the morning?' [14] .
Covariate information assessment
We assessed the socioeconomic and demographic characteristics of participants by using a questionnaire. Sleep quality was assessed by the Pittsburgh Sleep Quality Index (PSQI) questionnaire considering total scores of >5 as 'poor sleep quality'. The Korean translation of PSQI has previously been validated [32] .
Statistical analysis
We compared the clinical characteristics of migraine participants with RLS and migraine participants without RLS using Student's t-test for continuous variables and the chisquare test for categorical variables. For comparing RLS prevalence among non-headache control, non-migraine headache, and migraine participants, we used the chisquare test.
We used logistic regression analysis models to evaluate the association between migraine and RLS and calculated odds ratios (ORs) and their 95 % confidence intervals (CIs). We conducted multivariable logistic regression analysis adjusting for demographic variables and sleep quality. Specifically, the multivariable model controlled for gender, size of residential area, educational level, and sleep quality (PSQI score >5).
For assessment of the association between migraine and RLS according to age, we divided our participants into 5 age groups (19-29 years, 30-39 years, 40-49 years, 50-59 years and 60-69 years) and conducted logistic regression analysis for each age group.
As with most survey sampling designs, non-response resulted in data missing from several variables. The data reported are based on the available data. Sample sizes of some variables diverge from the total sample size of 2,695 because of non-responses for that particular variable. Imputation techniques were not employed to minimise non-response effects [33] .
In all statistical analyses, the significance level was 0.05, unless otherwise specified. The results were analysed using the Statistical Package for the Social Sciences 22.0 (SPSS 22.0; IBM, Armonk, NY, USA).
Results
Our interviewers approached 7,430 individuals and 3,114 of them accepted the survey (rejection rate of 58.1 %). After 352 individuals suspended the interview, 2,695 subjects completed the survey (cooperation rate, 36.2 %; Fig. 1 ). The distributions of age, gender, size of residential area, and educational level were not significantly different from those of the general population of Korea ( Fig. 1 and Table 1 ).
Prevalence of migraine and RLS
Of the 2,695 participants, 1,273 (47.2 %) subjects had had at least 1 attack of headache, and 143 subjects (5.3 %) met the ICHD-2 criteria for migraine. So, 1,130 subjects were classified as having non-migraine headaches and 1,422 subjects were classified as non-headache controls. One hundred forty two (5.3 %) subjects positively responded at all 4 questions from the IRLSSG criteria and were classified as having RLS (Table 1) .
RLS in subjects with migraine
Of 143 migraine subjects, 13 (9.1 %) were classified as having RLS. Of 1,130 non-migraine headache subjects and 1,422 non-headache control subjects, 78 (6.9 %) and 51 (3.6 %) subjects were classified as having RLS, respectively. A significantly greater prevalence of RLS was observed in both subjects with migraine (OR = 2.6, 95 % CI = 1.4-5.0, p = 0.003) and non-migraine headaches (OR = 2.1, 95 % CI = 1.4-2.9, p < 0.001) relative to nonheadache control subjects. This pattern was consistent even after adjusting for sociodemographic variables (age, gender, educational level, and size of residential area) and sleep quality (PSQI score >5) ( Table 2 ). There was no significant difference (9.1 % vs. 6.9 %, p = 0.339) in the RLS prevalence between migraineurs and nonmigraine headache subjects.
RLS prevalence according to age
We conducted logistic regression analysis for RLS prevalence according to headache diagnosis in 5 age groups. Subjects with migraine showed increased ORs for RLS in the 19-29 age group (OR = 6.6 95 % CI = 1.2-36.8, p = 0.029) and the 40-49 age group (OR = 6.7, 95 % CI = 1.5-33.5, p = 0.016) compared to non-headache controls. For subjects with non-migraine headaches, the 30-39 age group (OR = 4.6, 95 % CI = 1.8-12.0, p = 0.002) and the 40-49 age group (OR = 3.7, 95 % CI = 1.0-13.5, p = 0.046) showed increased ORs for RLS compared to non-headache controls. Migraineurs and non-migraine headache subjects failed to show increased ORs for RLS compared to nonheadache controls in the 50-59 and 60-69 age groups (Table 2) . We further divided our participants into 2 age groups (aged <50 years and aged ≥50 years) and compared the association between migraine and RLS. Migraineurs showed an increased OR for RLS compared to nonheadache controls in aged <50 years (OR = 6.9, 95 % CI = 2.9-16.2, p < 0.001) but failed to show in aged ≥50 years (OR = 1.1, 95 % CI = 0.3-3.9, p = 0.883). For nonmigraine headache subjects, an increased OR for RLS compared to non-headache controls was observed in aged <50 years (OR = 3.9, 95 % CI = 2.1-7.4, p < 0.001) but not in aged ≥50 years (OR = 1.5, 95 % CI = 0.9-2.4, p = 0.099).
RLS prevalence among migraineurs according to headache frequency
A significant increase in the prevalence of RLS was observed in both migraineurs with 1-10 attacks per month (12.5 %, OR = 2.0, 95 % CI = 1.3-3.2, p = 0.003) and (Table 3) .
Clinical characteristics of subjects having migraine with and without RLS
We investigated demographics, headache characteristics, associated symptoms, headache frequency per month, the visual analogue scale (VAS) score for pain intensity, and the Headache Impact Test (HIT-6) score of migraineurs according to the presence of RLS ( Table 4 ). The only variable that showed a significant association with RLS was the HIT-6 score. The HIT-6 scores of migraineurs with RLS were significantly higher relative to migraineurs without RLS (59.1 ± 9.4 vs. 53.7 ± 9.2, p = 0.047).
Discussion
The key findings of the present study are as follows: 1) the prevalence of migraine and RLS in the Korean population were both 5.3 %; 2) RLS was more prevalent in migraineurs and subjects with non-migraine headaches when compared to non-headache control subjects in the 19-49 age groups but not in the 50-69 age groups; 3) the RLS prevalence was higher among migraineurs with >1 headache attacks per month compared to migraineurs with ≤1 headache attacks per month. The 1-year migraine prevalence rate (5.3 %) in the present study was somewhat lower than that previously observed in Western countries (9-25 %) [34] . However, the migraine prevalence rate in the present study was similar to those observed in previous studies in Korea and other Asian countries [3, 35] . The 1-year prevalence of migraine ranges from 4.7 % to 9.1 % in most studies of Asian countries, which is somewhat lower than that recorded in studies of European and North American countries [35] . As in most migraine epidemiological studies, migraine prevalence peaked in the 30-49 age groups and decreased in the 50-69 age groups in the present study [1, 3, [5] [6] [7] . These findings may be attributed to hormonal effects on migraine in women [36] .
RLS prevalence (5.3 %) in the present study was similar to those in previous studies in Korea and other Asian countries, ranging from 1.8 % to 8.3 % [15-17, 19, 22] .
Like migraine, RLS prevalence in Asian populations was reported to be somewhat lower than that observed in Western populations [15, 24] . The wide range of RLS prevalence values reported in previous studies may be explained by differences in ethnicity, cultural background, survey methods, and assessment tools. Similar to previous epidemiological studies for RLS, the prevalence increased with age in the present study. The similarities in the prevalence of migraine and RLS between previous studies and the present study suggest that our study properly reflects the actual prevalence of each in the Korean population.
Over the past years, a number of epidemiological and clinical studies have reported an association between migraine and RLS [23-25, 27, 28] . In the present study, a similar association between migraine and RLS was found in the form of a higher RLS prevalence among migraineurs compared to non-headache controls. We further investigated the association between migraine and RLS in the different age groups and found that migraine and RLS showed a significant association in adults aged 19-29 and aged 40-49, but not in those aged 50-69 (Table 2) . Among aged 30-39, a trend towards an association was observed.
The different associations observed between migraine and RLS according to age could be explained by several factors. First, difference in pathophysiological mechanisms according to age in migraine and RLS may explain this lack of a significant association in the elderly population. Dopamine and iron dysregulation have been proposed to be mechanisms both for migraine and RLS [37, 38] . There were some evidences of different dopamine or iron dysregulation in migraine and RLS according to age. Iron deposition in deep brain nuclei was significant among migraineurs aged <50 years than age-matched controls, but not among migraineurs aged ≥50 years [39] . Striatal D2 dopamine receptor, which was reported to be reduced in RLS, decreased with the increase of age [40, 41] . Lateonset RLS patients showed stronger association with serum iron status and less decrease in brain iron compared to early-onset RLS patients [42, 43] . Complex action of pathogenic mechanisms according to age might influence on the association between 2 disorders in elderly.
Second, RLS is positively associated with many medical conditions such as neuropathy, radiculopathy, renal failure, iron-deficiency anaemia, cardiac diseases, genitourinary diseases, gastrointestinal diseases, and pulmonary diseases [44] . If associated with 1 of these known contributors, RLS is considered to be secondary to the condition. Considering that the prevalence of diseases that are related to RLS could be elevated in the elderly population, it may be the case that the secondary RLS prevalence is also increased. A general increase in secondary RLS and decrease in the migraine prevalence within the elderly population could induce the observed lack of an association between migraine and RLS. We did not attempt to evaluate other medical conditions which were related to secondary RLS in the present study. As such, the results of this study have a limitation regarding secondary RLS. Third, some medications such as neuroleptic agents, antidepressants, opioid antagonists, and antiemetic agents can cause or exacerbate RLS and cease or relieve migraine [45, 46] . Elderly populations are more likely to take these medications and that could result in a higher RLS prevalence within the elderly group without altering the migraine prevalence. This medication-induced increase in the RLS prevalence and decrease in the migraine prevalence in the elderly group may also result in the observed lack of an association between migraine and RLS in the elderly group.
Previous studies regarding the association between non-migraine headaches and RLS has been reported in clinic-based setting [23, [47] [48] [49] [50] [51] . Some studies reported positive results regarding the association between nonmigraine headaches and RLS but other studies reported negative results. Our study firstly investigated the association between non-migraine headaches and RLS in a population-based setting and found a positive result. A recent population-based study reported a positive association between RLS and multi-site body pain [52] . Further population-based studies regarding the association between non-migraine headaches and RLS would be needed to verify the association between non-migraine headaches and RLS.
Prior to the current work, RLS prevalence data among migraineurs according to migraine/headache status were not available in a population-based study. Our study showed that RLS was more prevalent among migraineurs with 1-10 attacks per month than among migraineurs with <1 attack per month (Table 3) . The HIT-6 score of migraineurs with RLS was greater than that of migraineurs without RLS (59.1 ± 9.4 vs. 53.7 ± 9.2, p = 0.047). Considering headache frequency and HIT-6 score are important markers for migraine severity, these findings may corroborate the association between migraine and RLS.
Our study has several limitations. First, we diagnosed RLS based on participants' reports according to IRLSSG criteria and some conditions similar to RLS may be included. It is known that these criteria can mimic other conditions including nocturnal leg cramps, anxiety disorders, akathisia, meralgia paresthetica, and peripheral neuropathies [44] . To minimise the accidental inclusion of these conditions, a new diagnostic questionnaire was recently proposed [53] . It showed a high specificity but has not yet been used in an epidemiological study. Second, we did not assess the severity of RLS due to limits on the questionnaire length [54] . An attempt to model a quantitative correlation between migraine and RLS may add better insights to the association between these 2 disorders. As such, further study including the RLS severity scale would be needed to better understanding this association. Third, although this is a populationbased study with a low sampling error, its statistical power for examining subgroups was limited. Thus, some results might have not reached statistical significance merely because of the limited sample numbers, especially for small groups based upon the age-band. Fourth, we did not thoroughly investigate the secondary causes of headache because this is difficult to document with the questionnaire method used in this population study. Although most of recurrent headache sufferers in general population were considered to have primary headaches rather than secondary headaches, some secondary headaches sufferers might be classified as having primary headaches [55] . The 1-year prevalences of all headaches and migraine were similar to previous studies in Korean and other Asian countries [3, 6, 7, 34, 56] . Our study has several strengths. First, we used clustered random sampling proportional to the Korean population and the estimated sampling error was low. Second, we used the ICHD-2 and IRLSSG criteria for the diagnosis of migraine and RLS, respectively. Third, we analysed RLS prevalence according to headache frequency among migraineurs. Fourth, we assessed the association between non-migraine headaches and RLS in a population-based setting. Balancing the limitations and the strengths, we think that this study successfully assessed the association between migraine and RLS according to age.
Conclusions
In summary, migraine and non-migraine headaches showed positive associations with RLS in adults aged 19-49 but failed to show any association in adults aged 50-69 in the present study. The RLS prevalence was higher among migraineurs with ≥1 headache attacks per month compared to migraineurs with <1 headache attacks per month. This information may provide a better understanding regarding the comorbidity and pathophysiology of migraine, headache, and RLS.
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